Abstract. The elevation of Luteinizing hormone (LH) is commonly observed in epithelial ovarian cancer. This correlation suggests a causal relationship between LH and ovarian cancer. LH has been reported to inhibit apoptosis in ovarian cancer cells. Programmed cell death gene 6 (PDCD6), also known as apoptosis-linked gene-2, is an apoptotic mediator that is required for apoptosis to numerous death stimuli. Therefore, the aim of the present study was to determine whether PDCD6 may be induced by LH in ovarian cancer, and whether LH may affect the apoptosis through PDCD6. Flow cytometry was used to detect the effects of cisplatin on the induction of apoptosis by LH. PDCD6 expression was monitored by quantitative polymerase chain reaction and western blotting. The signaling transduction pathways were also investigated by western blotting. The present study demonstrated that LH reduced cisplatin-induced apoptosis in ovarian OVCAR-3 and SKOV-3 cancer cells. The results indicated that PDCD6 expression was inhibited by LH. In addition, the inhibition of PDCD6, induced by LH, was mediated through the activation of the phosphatidylinositol 3-kinase/protein kinase B and p44/42 mitogen-activated protein kinase transduction signaling pathways. The present results suggest that LH affects the sensitivity of ovarian cancer cells to chemotherapy, primarily by signaling to inhibit apoptosis and to additionally suppress PDCD6.
Introduction
Ovarian cancer ranks fifth overall for cancer-associated mortalities in women, with lung, breast, colorectal and pancreatic cancer ranking 1-4, respectively, and accounts for 5% of all cancer-associated mortalities in women (1) . The overall five-year survival rate is ~44%, and only 27% for patients that are at the distant stage of the disease at diagnosis (1) . The exact cause of epithelial ovarian cancer has not yet been determined, although follicle-stimulating hormone (FSH) and luteinizing hormone (LH) are understood to be associated with ovarian malignancy (2) . With apoptosis and apoptosis-linked genes demonstrating key roles in ovarian cancer tumorigenesis (3, 4) , it is important to note that FSH has been previously reported to inhibit apoptosis in ovarian cancer cells (5) . However, little is currently understood regarding the association between LH and apoptosis in ovarian cancer, with further investigation required.
Programmed cell death gene 6 (PDCD6), also known as apoptosis-linked gene-2, is an apoptotic mediator that is required for apoptosis to occur in response to numerous death stimuli (6) . It has recently been suggested that PDCD6 is an independent predictor of progression-free survival in patients with epithelial ovarian cancer (7) . However, its effect on ovarian cancer apoptosis is currently unknown.
To understand the function and regulation of LH on ovarian cancer apoptosis, the present study investigated the effect of LH on apoptosis in vitro using flow cytometry. The protein and mRNA expression levels of PDCD6 were analyzed using western blotting and quantitative polymerase chain reaction (qPCR). The signal transduction pathways were also examined using western blotting. All experiments were performed with cell lines at 60% to 80% confluence. To investigate the expression of PDCD6, the cells were treated for up to 24 h with LH (40 U/l) in the absence of FBS. To investigate signal transduction, the cells were treated for up to 120 min with LH (40 U/l) in the absence of FBS. To evaluate the effects of the specific inhibitors, the cells were pre-treated with each inhibitor for 30 min, and LH was then added for an additional 30 min or 24 h without FBS.
Materials and methods

Reagents
Cell apoptosis analysis. Following a 48-h incubation with LH, with or without cisplatin (10 µM), the number of apoptotic cells was determined using the Annexin V-FITC Apoptosis Detection kit (BD Pharmingen, San Diego, CA, USA) followed by flow cytometry. The apoptotic cells were determined using Statistical analysis. The data averages were based on three individual experiments that were performed in triplicate.
Results for the experiments were analyzed using Student's t-test. P<0.05 was considered to indicate a statistically significant difference. SPSS software, version 11.0 (SPSS, Inc., Chicago, IL, USA), was used for all statistical analyses.
Results
Effect of LH on ovarian cancer cell apoptosis.
Due to the prevalence of ovarian cancer in post-menopausal women with ~40 U/l LH, this concentration was chosen for the present study (8) . As presented in Fig. 1 , LH treatment resulted in a slight decrease in the rate of apoptosis when compared with controls in the SKOV-3 and OVCAR-3 cells, however, the difference was not significant (P>0.05). To determine whether LH could block apoptosis induced by cisplatin, the SKOV-3 and OVCAR-3 cells were treated with 10 µM cisplatin, or a combination of 40 U/l LH and 10 µM cisplatin. As presented in Fig. 1 , the rate of apoptosis induced by cisplatin was significantly suppressed by LH (P<0.05).
PDCD6 expression is inhibited by LH.
The SKOV-3 and OVCAR-3 cells were treated with 40 U/l LH for up to 24 h. qPCR indicated that PDCD6 mRNA was significantly downregulated when treated with LH for 16 h (P<0.05; Fig. 2A ).
Additionally, western blotting analysis demonstrated that the protein expression of PDCD6 decreased when cells were treated with LH for 24 h (P<0.05) (Fig. 2B) .
Signaling transduction pathways induced by LH.
The present study investigated whether the SAPK/JNK, p38 MAPK, PI3K/AKT and Erk1/2 signaling pathways are involved in LH-mediated apoptosis. Due to LH exerting similar effects on each of the cell lines, signaling was only analyzed in the SKOV-3 cells. It was observed that LH induced the phosphorylation of AKT and Erk1/2 (P<0.05; Fig. 3 ), however, it did not affect the phosphorylation of p38 MAPK and c-Jun (P>0.05.
LH-induced phosphorylation is blocked by inhibitors.
The SKOV-3 and OVCAR-3 cells were pre-treated with the inhibitors for 30 min, and LH was then added for an additional 30 min. A pre-treatment with LY294002 or U0126 blocked LH-induced phosphorylation (Fig. 4) .
The LH-induced PDCD6 protein inhibition is neutralized by the inhibitors.
The SKOV-3 and OVCAR-3 cells were pre-treated with the inhibitors for 30 min, and LH was then added for an additional 24 h. LY294002 and U0126 significantly neutralized LH-induced PDCD6 protein inhibition (P<0.05; Fig. 5 ), however, SP600125 and SB203580 did not have the same effect (P>0.05).
Discussion
The majority of ovarian tumors develop in post-menopausal women presenting with high gonadotropin levels. Thus, gonadotropins are regarded as possible risk factors for the formation of ovarian tumors (2). In 1992, Ohtani et al (9) observed that FSH stimulated proliferation in ovarian cancer cells; subsequent to this, it was reported by Zheng et al (10) that ovarian epithelial tumor growth was promoted by FSH and inhibited by LH. Choi et al (11) demonstrated that gonadotropins upregulated epidermal growth factor receptors (EGFRs) through the activation of MAPK and PI3K in human ovarian surface epithelial cells. In a further study by Choi et al (12) , it was observed that gonadotropins activated proteolysis and increased invasion through the protein kinase A (PKA) and PI3K pathways in human epithelial ovarian cancer cells. Apoptosis serves an important role in the progression of ovarian cancer (13) , and certain papers have suggested that human chorionic gonadotropin or LH may inhibit cisplatin-induced apoptosis in ovarian cancer cells (14, 15) . PDCD6 is an important apoptotic mediator and a prognostic marker for gastric cancer (16) ; it is also an independent predictor of progression-free survival in patients with epithelial ovarian cancer (7). Park et al (17) demonstrated that PDCD6 additively cooperated with anticancer drugs through the activation of nuclear factor-κB pathways. It was previously reported that FSH decreased PDCD6 levels and inhibited the rate of apoptosis in ovarian cancer cells (5) . In the present study, it was observed that LH significantly blocked cisplatin-induced apoptosis in vitro. Furthermore, LH significantly reduced PDCD6 expression. Such results suggest that the downregulation of PDCD6, induced by LH, appears to be involved in the chemoresistance of ovarian cancer due to the induction of apoptosis inhibition.
Numerous studies have focused on the signaling pathways induced by gonadotropins in ovarian cancer cells and in human ovarian surface epithelium (OSE). Pon et al (18) reported that gonadotropins reduced N-cadherin expression in OSE cells through the PKA pathway. It has also been demonstrated that EGFR expression is regulated by gonadotropins via cyclic adenosine monophosphate, and this does not signal through PKA in immortalized OSE cells (19) . FSH-induced DNA synthesis and proliferation may be neutralized by a number of protein kinase C (PKC) inhibitors, implying that the PKC pathway is also associated with FSH-induced cell growth (20) . It was previously reported that FSH induced vascular endothelial growth factor through the PI3K/AKT pathway (21). Slot et al (22) first demonstrated that LH protected HEY cells from Fas-induced apoptosis, occurring via a signaling cascade involving PKA. The Erk1/2 pathway has been identified to be involved in LH-induced survivin expression and apoptosis (15) . A previous study indicated that FSH induced PDCD6 expression through activation of the PI3K/AKT and SAPK/JNK signaling pathways, and that treatment with LY294002, the specific PI3K inhibitor, antagonized the effects of FSH on pAKT and PDCD6 expression; furthermore, the study reported that treatment with SP600125, the specific SAPK/JNK inhibitor, antagonized the effects of FSH on pJUN and PDCD6 expression (5) . It remains unknown whether FSH and LH regulate PDCD6 expression in ovarian cancer through different or identical signaling pathways. The results of the present study indicate that LH inhibits PDCD6 expression in ovarian cancer cells by activating the PI3K/AKT and Erk1/2 signaling pathways.
In conclusion, the current study demonstrated that LH inhibited cisplatin-induced apoptosis and suppressed PDCD6 in ovarian cancer cells. LH inhibited PDCD6 through the activation of the PI3K/AKT and Erk1/2 signaling pathways. The results suggest that LH serves a critical role in the chemoresistance of ovarian cancer based on the anti-apoptotic effect it induces.
